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Introduction {#s1}
============

Knee osteoarthritis (OA) is a degenerative and chronic disease of the knee joint resulting from damage to hyaline cartilage and is the most common type of arthritis ([@R1]) and the most common musculoskeletal disease among individuals older than 65 years. The knee OA affects the ability for sitting on the chair, standing, walking and climbing stairs ([@R2]-[@R3]) and influences almost one-third of this age group ([@R4]). Knee OA is highly accompanied by morbidity in the community ([@R5]).

Puett and Griffin reviewed 15 RCT studies related to non-invasive and protective treatments of hip and knee OA during 1966-1993 and concluded that exercise reduces the pain and improves the function, though they specified no exercise regimen to achieve this goal ([@R6]).

Most patients who have knee OA, use a combination of pharmacological and non-pharmacological therapies ([@R7]). According to recommendations by American college of Rheumatology (ACR) on hip and knee OA treatment published in 2012, non-pharmacological treatments of knee OA include aerobic and strength exercise, hydrotherapy, and weight loss ([@R8]-[@R10])

Based on our experience, physical therapy modalities and acupuncture, and use of supplements are effective in the re-construction of the cartilage. However, it needs continuous training, though feeling pain during aerobic exercises may lead to exercising less. The purpose of this study was to assay the short and long-term effects of the most simple and the least expensive exercise protocols in combination to conventional conservative therapy on knee OA.

Methods {#s2}
=======

It was a RCT study with a 12-month follow-up carried out during 2010 -- 2012 in Tehran. The study protocol was approved in Ethic Committee of Iran University of Medical Sciences and was registered by code: IRCT138904274409N1. Patients older than 40 with knee pain referred to Sports Medicine Clinic in Hazrat Rasoul Hospital were visited and evaluated by two sports medicine specialists. According to American College of Rheumatology (ACR) criteria (explained in Appendix 1) individuals with knee OA were selected and knee radiography was obtained from patellar, lateral, and AP standing views. The eligible Individuals with following conditions were included in the study: having pain in knee for more than 3 months in most days of week; having arthritis grade II, III, IV in knee radiography according to the criteria of Kellegren-Lawrence (Appendix 2); having BMI in 18-30 kg/m^2^ range; not having any limitations for performing strength exercise (uncontrolled hypertension, uncontrolled metabolic disease, uncontrolled ventricular arrhythmias, uncontrolled heart failure, severe valvular problems). These individuals were included in the study after obtaining their informed consent.

All participants were examined by two sports medicine specialists. Following initial examination, their age, sex, knee pain duration ([Table 1](#T1){ref-type="table"}) and medical history were recorded.

###### Basic characteristics of two groups

  ------------------ ------------------- ---------------- -------
                     No exercise group   Exercise group   p
  Age(mean ,SD)      60±9.87             62.32±8.42       0.414
  Sex(male/female)   9.13                11.17            0/24
  BMI(mean ,SD)      29.98±4.29          28.21±3.62       0.163
  ------------------ ------------------- ---------------- -------

Participants were divided into two groups randomly. For assigning groups, small pieces of paper were prepared in the same number of the participants. The name of treatment methods was written on the pieces of paper, and then they were put into a bag and were kept by someone who was blind to them. Then participants were asked to take one paper from the bag and thus the treatment type for each person was specified.

About one week after study initiation in without exercise therapy group, individuals received acupuncture during 10 sessions, twice per week by a sports medicine specialist. Every session lasted 15 min, and heading, knee eyes, BL57, LR3, LR9, ST33, ST36, and SP9 points were acupunctured. They were treated by physical modalities during 10 sessions, three times per week. Modalities included trans-electrical nerve stimulation (TENS), ultra sound (US) and infrared (IR). Two electrodes placed medial and lateral to the joint for taking 100 Hz symmetrical TENS (10 minutes in every pad).US and IR were applied to all knee joints for 5 minutes.

In addition, patients used diclofenac 100 mg tablets once daily if they had pain (VAS \> 5). All individuals were recommended to use 1500 milligrams glucosamine and 800 milligrams chondroitin.

The patients in exercise therapy group took anaerobic exercises in combination took anaerobic exercises in combination with acupuncture and physical modalities ([Figs. 1](#F1){ref-type="fig"}-[6](#F1){ref-type="fig"} of Appendix 3). Exercise protocol included 3 stretching exercises and 3 strengthening exercises for muscles around the knee (hamstrings, quadriceps and calf muscles). Individuals were asked to perform the stretching exercises daily and keep doing each exercise for a minimum of 15 seconds in stretching form and repeat them 4 times.([Figs. 1](#F1){ref-type="fig"},[3](#F2){ref-type="fig"},[4](#F2){ref-type="fig"} of Appendix 3). Strengthening exercises were performed daily and each time every exercise was repeated 10 times in three sets. There was 1-3 min rest between sets.([Figs. 2](#F2){ref-type="fig"},[5](#F2){ref-type="fig"},[6](#F2){ref-type="fig"} of Appendix 3) The weight of cuff weights tied to the patient\'s ankle (shown in [fig. 5](#F2){ref-type="fig"} and [6](#F2){ref-type="fig"} of appendix 3) was selected according to the tolerance of patient and his/her basic status. The weight of cuff was added 250 grams each 2 weeks and finally it reached to 2 kilograms.
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During 3 months, the patients in non-exercise group were contacted by researcher weekly on phone and exercise group patients were visited each 2 weeks. They were asked not to perform any aerobic program and use no weight loss treatments up until 3 months. The patients were insured for any possible damage.

The knee pain was measured in resting state by VAS. Persian version of KOOS questionnaire ([@R11]) which examines pain and function by 5 items, was filled by the sports medicine specialist beside the patient. There was a 9-questions item in the questionnaire which measured the patient\'s amount of pain based on a 0-100 scale. The higher scale points represented better situation of the patient.

Individuals function was evaluated using 4 items in KOOS questionnaire which included symptoms, activities of everyday life (ADL), sports activities and quality of life (QOL). Each item had scores between 0-100 with 0 denoting bad situation and 100 denoting good situation.

Three tests including 4 steps, 5 sit ups and 6- MWTs were used before and after intervention to evaluate function and ability of individuals. In 6- MWT test, the patient was asked to walk with normal pace for 6 minutes, and the passed distance was recorded in meter. In 5 sit up test, individual was asked to sit and stand the chair consecutively for 5 times and the duration was recorded in seconds. In 4 step test, the patient was asked to climb up and down the steps (20 cm step) consecutively 4 times and the duration for this test was recorded.

All parameters related to outcome were measured once before intervention, once 1 month after intervention and then 3 months after intervention. One year after treatment initiation, patients were evaluated in terms of all these parameters. During the first 3 months, throughout 10 sessions of acupuncture, participants were constantly in contact with the sports medicine specialist. After completion of acupuncture sessions until the end of third month, the specialist was in contact with these participants by phone, emphasizing performing exercise programs. If there was any problem, the patient was asked to refer to the sports medicine clinic and take face-to-face consulting. There was no further contact with the participants during the 3^rd^ to 12^th^ month in which patients were allowed to use any kind of interventions for treatment.

Of 56 participants included in the study, 28 were assigned to exercise therapy and 28 to without exercise therapy group. Of 56 participants, 50 were evaluated in first follow-up because 6 patients of non exercise group were excluded in first two weeks (5 patients could not take acupuncture more than one or two times a week and one patient went to an unknown physiotherapy clinic with a different therapeutic protocol). In the second follow-up (3 months after treatment initiation) 6 subjects were excluded, one due to 7 kg weight loss and others because of unwillingness. In the 12^th^ month of follow-up, from without exercise therapy group one was not evaluable due to intra-articular injection of corticosteroids, and another one was eliminated due to PRP injection in the joint, and from the exercise therapy group, 3 were not accessible due to changed address and phone number.

Data analysis was performed by SPSS v. 16.0. Results were reported as mean (± SD) when normally distributed and percentages in qualitative variables. Independent student t-test was used for comparison of quantitative variables between the two groups. Also Mann Whitney U test was used as alternative when t-test was not permitted. Paired sample t-test and repeated measured analysis of variances were used for multiple comparisons.

We used Chi Square test in determining the difference between groups\' qualitative differences. P\< 0.05 was considered statistically significant.

Results {#s6}
=======

In this study, 87 patients with knee OA were evaluated, 69 of whom were eligible for inclusion in the study. Of 69 participants, 6 disagreed not to use weight loss methods and others were afraid of acupuncture and 3 preferred to use pool during the study, thus all of them were excluded.

In the pre-treatment stage, there was no significant difference between average of variables in both control and intervention groups (p \< 0.05).

Results in [Table 2](#T2){ref-type="table"} indicate that there was significant difference in all variables between exercise therapy group and without exercise therapy group in three consecutive measurements after 3 months. The results of 12^th^ month follow-up are shown in [Table 3](#T3){ref-type="table"}. They suggest a significant difference only in everyday life activities, sports activities and pain items from KOOS questionnaire between the two groups. A significant difference was observed regarding VAS between intervention and control groups, too.

Concerning functional tests, results of 5 sit ups, 4 steps and 6 min walk test did not show any significant difference in both groups.

###### Comparison of changes in average of variables related to pain and function in control and intervention groups in three consecutive measurements

  --------------- ---------------------- ---------------- ----------------- --------- ---------- --------- ----------
                  Before intervention\   After 1 month\   After 3 months\   p                              
                  (Mean)                 (Mean)           (Mean)                                           

                  Exercise               Control          Exercise          Control   Exercise   Control   

  VAS             8                      8.82             5.96              6.64      4.75       6.14      .005

  KOOS(pain)      46.96                  36.92            58.43             42.73     63.39      46.65     .002

  KOOS(symptom)   44.76                  39.75            54.92             47.06     57.98      50.72     0.09

  KOOS(ADL)       49.96                  41.24            60.22             52.09     64.99      50.81     \<0.0001

  KOOS(Sport)     18.34                  6.6              23.90             13.11     29.51      16.28     0.035

  KOOS(QOL)       28.52                  23.06            33.78             33.09     39.40      35.74     .000

  5 sit up        21.90                  24.81            19.42             21.39     18.73      20.88     .000

  4 step          21.27                  25.59            19.92             23.42     17.49      22.19     .000

  6MWT            29.61                  24.96            31.62             26.02     33.65      27.61     \<0.0001
  --------------- ---------------------- ---------------- ----------------- --------- ---------- --------- ----------

###### The difference of variables related to pain and knee function in control and intervention groups after 12 months.

  --------------- --------- ---------- -------
                  Control   Exercise   p
  VAS             7.22      6.09       0.029
  KOOS(pain)      49.03     48.07      0.043
  KOOS(symptom)   54.41     47.87      0.115
  KOOS(ADL)       58.88     46.98      0.033
  KOOS(Sport)     26.18     11.98      0.043
  KOOS(QOL)       38.21     30.26      0.118
  5 sit up        20.12     20.57      0.632
  4 steps         20.33     23.38      0.255
  6MWT            29.61     31.16      0.843
  --------------- --------- ---------- -------

Compliance {#s6-1}
----------

In the first 3 months of treatment, when the patients were administered by telephone or in-person visits once a week, compliance of sports treatment in exercise therapy group was 67.73%. Of 28 participants in this group, 19 performed the sports exercises completely based on the trained pattern. Also 25 received acupuncture and 26 received physical modalities completely, and their compliance percentage was 89.28 and 92.85, respectively. In without exercise therapy group, the compliance rate was 90.9% and of 22 patients, 20 performed suggested treatment. During 3-12 months, when there was no supervision on recommended treatment methods in exercise therapy group, compliance of patients from sports exercises was 14.2%. During this time that any exercise was allowed for the without exercise therapy group, only two individuals irregularly received hydrotherapy in pool.

Discussion {#s7}
==========

We found that adding the anaerobic exercise protocol (6 exercises, stretching and strengthening the muscles around the knee) to other non-invasive techniques on knee OA relieves the pain and improves the function of the knee in short-term (3 months).The results showed no difference in the first month of treatment in both groups, and improvement in both groups were equal.

In the follow up, particularly in the third month, the strengthening effect of exercises was significant. It should be considered because the exercises were continued during the first to third month while methods were no longer available. Also in the last follow up we observed that the effect of exercises lasted for a year. This finding differs from the results of Bruce study ([@R12]) who showed that lasting effect of 6 weeks strength training and electrical stimulation of the quadriceps are same after 14 weeks.

In our study, there was a significant statistical difference in both groups in terms of all consistency with our results in short term. The positive effect of quadriceps and hamstring muscles strengthening exercises to improve symptoms in short-term in patients with knee OA was in agreement to other studies (e.g. 13-17). According to Carvalho trial ([@R14]), the treatment effects lasted for 2 years, but there has been no lasting effects from exercise in 5 years.

Considering the fact that only 14.2% of the participants in the exercise group of this trial performed recommended exercises during 3-12 months, the significant differences between the two groups can be attributed to the long acting effect of the exercise protocol up to one year.

Jekinson\'s trial result is contrary to most studies that have confirmed the effect of weight loss on reduced knee pain and increased function and slowing progression of OA ([@R19]-[@R21]). In Jekinson\'s trial ([@R22]) on 289 obese participants with knee OA, it was found that the diet and weight loss of approximately 3 kg has no effect on level of pain and function of subjects. In our study, participants were asked not to use any exercise and diet for weight loss during first 3 months of treatment, but after 3 months they were allowed. Because of stability of weight in participants (except for 1 who was excluded for this reason), reduced pain and improved functioning can be attributed to knee muscles exercises. On the other hand, although participants were allowed to use any method for weight loss, no significant weight loss was observed after one year of follow-up.

In a study by Durmus in Turkey ([@R23]), it was found that using glucosamine -- chondroitin compared to exercise therapy had no impact on delay in radiological progress of knee OA. In our study we found that adding exercise to glucosamine -- chondroitin can relieve pain and symptoms and improve functional tests like step climbing, sits up and walking time.

According to some studies ([@R24]-[@R25]), adding acupuncture to exercise therapy was much more effective in treatment of knee OA symptoms. In a 2010 systematic review ([@R26]), RCTs investigating acupuncture impact with placebo in pain control and function in patients with knee OA in short time, found improved function and reduced pain, but the difference in 6-month follow-up was not significant. We found that exercise therapy in combination to acupuncture can boost the positive effects.

According to Brakke at el ([@R27]) and Schencking et al ([@R28]) studies impacts of TENS modality on reducing pain and improving function in patients with knee OA was trivial compared with strengthening exercises and hydrotherapy. Our results were totally consistent with this study and knee muscles exercises had extra effect over Heat, US, and TENS modalities.

Evaluation of patients at one year follow-up showed that pain at rest (VAS) and pain during the movement of knee (pain items in KOOS questionnaire) in patients who performed exercises were less than other group, and their ability to perform daily activities such as walking and bathing were also better. Nonetheless, the patient\'s symptoms, such as the ability to do flexion and extension, knee stiffness and quality of life did not differ. However, with gradual decrease of pain, resuming the ability to perform daily activities and sports activities their status will be better in the long term.

Another possible reason corresponding to unimprovement of quality of life (QOL) in long-term may be related to the validity of questions about QOL in the KOOS questionnaire. It is recommended to investigate the QOL score with a stronger questionnaire. It can be considered as a limitation of our study.

According to Campbell study ([@R29]), it was observed that there is direct relationship between compliance level and supervision of patients. Our results also showed that as long as people are in relation with a therapist and are observed regularly, their compliance for the exercise is very high. But if there is no observation, reminder or emphasis by the therapist, the compliance reduces significantly from 67.73 % in 3^rd^ month to 14.2% in 12th month. Thus, it can be said that if people were periodically observed during 12 months, better results would be obtained for effect of exercise.

In the 12^th^ month of follow-up, patients were asked about the lack of continuing training. They responded that they had no enough time to do exercises and some others also stated that they forgot that they need exercises. Due to the fact that approximately 65% of the subjects in this study were housewives or retired and performing this exercise protocol takes approximately 30 to 40 minutes a day, we can propose that they did not have enough motivation. Therefore, further studies on the effects of motivation on performing exercise and exercise continuous supervision by the therapist are recommended.

Conclusion {#s8}
==========

In our study it was found that adding exercise to other noninvasive methods that routinely are used for knee OA have boosting effect in relieving pain and improving knee function. According to this trial, a combination therapy has the most effect on the knee OA. Exercise therapy can be recommended for patients with even severe arthritis as an effective method combined to other palliative methods in knee OA.

Appendix 1 {#s9-1}
==========

Diagnostic criteria of ACR (American college of rheumatology) for knee OA (1986)

-knee pain + 5 of 9

1- Age \>50 6- bony enlargement

2- Stiffness\< 30 min 7- ESR \< 40 mmol/hour

3- Crepitus 8- RF \<1/40

4- Bony tenderness 9- synovial fluid signs of osteoarthritis

5- No palpable warmth

Appendix 2 {#s9-2}
==========

Kellgren Lawrence scale:

Grade I: normal, Grade II: uncertain joint space, possible osteophyte, Grade III: Decreased certain joint space, mild sclerosis, certain osteophyte, Grade III: Significant reduction in joint space, moderate sclerosis, moderate osteophyte, possible cysts, possible deformity, Grade IV :Total reduction in joint space, severe sclerosis, great osteophyte, certain deformity

Appendix 3 {#s9-3}
==========

Figures of exercises according to knee pamphlet

![](MJIRI-29-186-g002){#F2}
